INTRODUCTION
Economic theory, including the economic theory of environmental pro tection, concentrates on the micro level of the economy. Planners and policy-makers are, on the other hand, more interested in the macro le vel. The aggregation of micro information to macro relations is, therefore, an important topic for economic research. However, aggrega tion studies of this kind are rare and usually only micro 0£ mac ro re lations are considered. This applies to both empirical and theoretical studies.
The purpose of this paper is to demonstrate, both theoretically and empirically, the aggregation from micro to macro. Our study object is The model is built on the assumption of a putty-clay production tech nology. This seems to be an empirically relevant description of the production structure in most industries. (See 4, 6). In our case, this means that in each plant the emission control technology is determined by the overall capital structure. The construction of a macro cost function is then essentially a question of ordering firms accordinq to their cost efficiency. This method of rankinq firms is used by Sato (7) and by Johansen (4) for t he construction of macro production func tions. Since we work with only one input ("cost") this orderinq be comes very simple.
In section II we set out the main features of the model. The data base is described in section III and micro cost functions are estimated in section IV. Macro cost functions are constructed in section V and some concluding remarks are presented in section VI.
The followinq symbols are used: The problem is treated as an ex post problem for the plant as a whole. This means that we presuppose that the factoris are already built, and more specifically that plant capacity, g 1 , is given. We al so assume that the decision on emission control does not influence de cisions on production, which we take to be egual to capacity in each plant. This is clearly a simplification, because legislation or the introduction of a charge on emissions will affect production levels in some factories. However, we regard this as a more long-term effect which may e nter the decisions concerning the closure of some marqinal firms or the building of new ones. An assumption of unchanged produc tion rates seems reasonable in the case of medium-term analyses.
Suppose that we now want to construct a relationship between the total costs (CzZc 1 ) and the total, amount of reduced emissions (XrEx 1 ); C = F(X). Our problem is to find the proper distribution of reductions to the different plants, otherwise each level X can be associated with many different cost levels C. In order to do this we adopt the rule that the distribution should maximize net social benefits. If the social valuation of emissions 1 is B(X^-X), (where X^= ^xg) > then we should try to minimize B(Xg-X) + C(X). If we assume a constant margi nal valuation of emissions = P , we can formulate our problem as A tota l of 40 pulp-producing plants were used for this study.
(ii) For the Iron & Steel Industry 1) Capacity, same as for P & P. A t otal of 20 plants were used for this study.
IV FIRM COST FUNCTIONS IV:1 General considerations
First, an investigation of the general shape of the cost-curves was earned out. 3 Special attention was paid to the nature of the margin al cost-curves. A pri ori we assumed that the mc-curves would increase 3 See appendix.
(with reduced amount of emissions) and specifically that marginal cost would increase when purifying approached 100 % (x 1 *g)» However, we
were not able to find any such tendencies. For Iron & Steel, the slope of the mc-curves were significantly negative for both kinds of emissions. The result was the same for BOD-, in the Pulp & Paper indu stry. Only for SS in the Pulp & Paper industry could a weak tendency be detected for the mc-curve to increase in some models. However, the tendency was statistically insignificant, and should be compared with the significantly negatively sloped mc-curves found in other models. 4 The general form finally choosen for the micro cost functions (see 4 Our result contradict conventional wisdom and miqht be due to an insufficient data base. It is for instance possible that the mccurves really fall until purifying is close to limit (xVxg 1) and that they then rise sharply. Our data are not detailed enough to detect such tendencies and this might explain our results. The parameters a^ -a^ were estimated by non-linear least square regression. The results were: The log-likelihood function was -46.74412 and t he ML estimate of However 90 % ( 210 000 ton) can be removed with a charge » 0.3 SEK/kg, Since 32" ^o r ^oth kinds of emissions, we obtain for the elasti city of cost
Thus a 1 % increase in emission reductions leads to a 1.5 % increase in cost. 10 9 Observe that the regressions are not made with directly observable data. Data are generated from our micro cost functions and or dered. The regressions are, in these cases, only curve-fitting and the good statistical fit is natural.
10 Observe that the mc-curves for t he industry as a whole increase despite the falling mc-curves for each individual firm. . The results (e.g. falling mc-curves) were roughly the same with the second model. 13 Non-linear models gave a significantly negative mc-curve also for SS. See the estimate in tabl e 1. 
